The rate of hydrolysis of the ester group in the monocetylsuccinate ion by hydroxyl ion has been studied as a monolayer reaction at various alkali strengths and in the presence of neutral salts. The Donnan equilibrium equations have been employed to calculate the concentration of the hydroxyl ions near the ester linkage, and the hydrolysis constants are found to show a very marked decrease in divergence when referred to the concentration of alkali in the surface, rather than that in the bulk phase.
Introduction
The work of Hughes & Rideal (1933) on the oxidation of unsaturated fatty acids, of Fosbinder & Rideal (1933) on the alkaline hydrolysis of y-stearolactone, and of Alexander & Schulman (1937) and Alexander & Rideal (1937) on the alkaline hydro lysis of long-chain esters, has shown that monolayer reactions may differ from those in bulk in the possibility of control of the configuration of the long-chain molecule in the surface, with alteration in the steric factor and energy of activation of the reaction. These surface reactions have revealed that the velocity varies linearly with the concentration of reactant in the substrate on which the film is spread, indicating a proportionality between the amount of soluble reactant just under the film and in the bulk phase, and that the activity coefficients of reactants and transition complex need not be taken into account. Although this is true for a film of neutral molecules, a reaction between ionogenic layers, e.g. an ionic ester in the film and hydroxy l ions in the bulk phase, should involve a consideration of the redistribution of the soluble ions near the surface. Such has proved to be the case for the hydrolysis of a monolayer of monocetylsuccinate ions (Davies 1948) .
We consider here this reaction more fully and describe a neutral salt effect resulting not only from a change in activity coefficients as in bulk reactions, but also from a change in the ionic concentrations in the monolayer. This has been deduced assuming a definite ' surface phase ', and applying the equations originally developed by Donnan, and applied by Wilson (1916) and later by Danielli (1941) .
Theoretical
Assuming that the rate of hydrolysis of the ester-carboxylate ion is determined by the concentration of an activated complex with hydroxyl ion, d(CR') k«CT , where CR, is the concentration in the 'surface phase' of monocetylsuccinate ions, t is the time, and CR" is the concentration of activated complex in the sur k° is a constant.
If an equilibrium is assumed between reactants and activated complex, 
To simplify the integration of the right-hand term, it is assumed that, as a first approximation, F' and Gon, are not time variable. Carrying out the integration under these conditions, (^R')i-ln (^W)2-G ^i).
Kk° can be written as a single constant, k0, and, further, may be written for
To obtain k0, it is necessary to know k and F', the former depending on Cow , assumed constant over small time intervals. The values of the activity coefficients in the surface are necessary for the evaluation of F '; and Con, implies a knowledge of the ionic redistribution at the surface. Davies (1948) lias applied the Donnan equilibrium equations in the evaluation of Cow , but for an accurate analysis it is necessary to know the values of the activity coefficients in the bulk and in the surface for use in the Donnan equationŝ
Assuming electrical neutrality of the surface phase
The concentration of surface-active ions in the surface layer is given by « 1024 1000 C« = A^X-N -'
where N is the Avogadro number, A is the area occupied by the long-chain ions, and x is the thickness of the surface layer, expressed in A. The previous value of 10 A for x (Davies 1948 ) will be used throughout.
If the substrate contains an added neutral salt, say NaCl, equation ( It is thus possible to solve the equations completely for Cow , required in (7), if activity coefficients are known. This applies both in the absence and presence of added neutral salt. The concentrations in the bulk are effectively unchanged by the adsorption at the surface.
The evaluation of the activity coefficients required both in the accurate Donnan equations and in the factor F' presents several difficulties.
(a) A preliminary value for the ionic strength in the surface phase must be known.
(b)
The surface phase is too concentrated (about 3 to 6 n ) for any simple equation of the Debye-Hiickel type to hold.
(c) The surface phase contains two or more electrolytes. Comparatively little work has been done on activity coefficients of one electrolyte in the presence of another in concentrated solutions, and no figures were known for the activity coefficients of an ion pair in the presence of two other ion pairs with a common cation.
(d) Assumptions have to be made about the activity coefficient in the surface of the insoluble monocetylsuccinate ion.
(e) The evaluation of y±Na2i? is complicated by the separation of the ionic groups by two saturated carbon atoms, the paucity of knowledge concerning the activity coefficients of doubly charged ions, and the uncertainty concerning the ionic en vironment of the hydroxyl part of the complex in the surface. It has been found that at the present stage y ±Na2/i cannot be evaluated directly, and only indirect methods can be used to find its variation at different surface ionic strengths.
Consider now the simplest case, that of sodium cetylsuccinate and NaOH in the surface phase, and NaOH alone in the bulk. In the latter the concentration CNa-or Cow , is known, as is also the mean activity coefficient, but before the accurate Donnan equations can be solved, it is necessary to know y ±NaOH> a quantity also required in the evaluation of the kinetic activity factor F'.
The method developed for the estimation of y ±NaoH depends on the linearity, as shown by Harned & Owen (1943 a), of the logarithmic plots of the mean activity coefficients of a uni-univalent salt in the presence of another uni-univalent ion pair with a common ion, against composition at constant total ionic strength.
The determination of y ±NaR presents some difficulty, and it is necessary to assume that the activity coefficients of sodium cetylsuccinate in the presence of other ions, and those of soluble ions in the presence of the long-chain ion can be evaluated using the values for a system in which NaJF2 is replaced by N al in equi valent concentration. The justification for this lies in the structural similarity of
The kinetic salt effect in monolayer reactions 419 27-2 that part of the monocetylsueeinate ion in the surface phase to sodium acetate, the activity coefficients of the latter being very close, over a wide range of concentrations in aqueous solution to those of N al (RobinsOn 1935). This last step could have been eliminated had appropriate electrical measurements been made in systems con taining sodium hydroxide and sodium acetate.
In evaluating y ±Na0H in the absence of added salt, the ionic strength and composition of the surface phase may be determined to a first approximation by omitting activity coefficients from equation (9), and a plot of lo g y ±Na0H at constant ionic strength equal to that in the surface can be drawn using the values of Hamed & Owen (1943 a) for the activity coefficient of NaOH in very dilute solution in the presence of N al at the ionic strength equal to that found in the surface. From the plot can be read the value of lo g y ±NaOH at the particular surface com position deduced from the simplified equations, and this activity coefficient, together with that of NaOH in the bulk, which is known (Harned & Owen 19436), can be substituted into (9) and a more accurate value of surface ionic strength and com position results. The process can be repeated several times until no further change in the surface concentratiohs and activity coefficients is effected by resubstitution.
When a ' neutral ' salt, such as NaCl, is added to the substrate, the surface contains chloride, hydroxyl, monocetylsuccinate and sodium ions. To treat this case, it was found necessary to extend the Bronsted (1922) theory of specific ion interactions, which agrees with the linear logarithmic plots of Harned & Owen (1943 a). The full treatment of this theory for the case of two electrolytes with a common ion is given by these authors, and need not be given here. Application of the theory to the present case of varying amounts of one anion and a constant ratio of two others at a constant concentration of cation indicates that the linear relationship of the logarithms of the activity coefficient of the first species in the mixture still holds. Use is further made of the theory to evaluate such terms as the activity coeffi cient of NaCl in NaOH of strength M when the chloride is very dilute. This has been shown by Harned & Owen to be the same as the activity coefficient of very dilute NaOH in the presence of NaCl of strength M. To find the activity coefficient of NaCl in the surface, required in (13), the logarithms of the activity coefficients of this, in very dilute solution, in the presence of NaOH and of N al, each at the approxi mate surface ionic strength, are used as limiting values in a linear plot of logy±NaCj against molal concentration of N al or NaOH at constant strength. The linearity of this plot can be shown to follow directly from the Bronsted theory. The approxi mate values of the surface ionic strength and composition are obtained from solution of (9), (12) and (13) assuming activity coefficients to be unity. The abscissa corre sponding to the ratio of hydroxide to iodide (representing insoluble ion) in the logarithmic graph is thus known, and hence lo g y ±NaC1 at the surface ionic strength in the presence of NaOH and N al in the ratios, but not the concentrations, found in the surface, since NaCl is taken as extremely dilute in this plot (0-01 m).
A second plot is now constructed with lo g y ±NaC1 as limiting values in the presence of NaCl and a constant ratio mixture of NaOH and N al, again at the surface ionic strength. The abscissa corresponding to the amount of NaCl actually found in the surface gives the required activity coefficient. The value of y ±NaoH is also required for an accurate solution of (9) and (13), and is obtained in the same way. The whole process must be repeated several times.
The neutral salts added were NaCl and N al. It was hoped to use NaCNS, but the strong alkali decomposed this salt too rapidly. The strongly surface-active nature of these large anions would be found to affect the activity coefficients in the surface phase in a specific manner if there were any considerable effects due to adsorption. These were not found for N al, however, which would indicate a predominance of normal ionic forces.
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E xperimental
The techniques already described by previous workers were used in this work. A Langmuir trough, in which the film pressures could be measured with an accuracy of 0*2 dyne/cm.-1 and thermostated to 0-2° C, was employed. All reactions were carried out at constant surface pressure, and the film was confined by means of thin platinum ribbons.
Sodium hydroxide and sodium chloride used were A.R. materials. Pure sodium iodide was used, and all water and organic solvents were redistilled from an all glass pyrex apparatus. Benzene was found to be a satisfactory solvent for the monocetylsuccinate.
Monocetylsuccinate was synthesized by Dr J. W. H. Oldham. Equimolecular amounts of succinic anhydride and cetyl alcohol were heated at 180° C for 2 hr. without a solvent. The resultant product was almost completely soluble in a solution of K H C 03 in distilled water, on account of the carboxyl group present. The solution was then extracted with benzene to remove unreacted cetyl alcohol and di-ester, and acidified with HC1. Extracting with ether removed the monocetylsuccinate, which was washed, while still in ethereal solution, twice with distilled water to remove traces of HC1, and was finally dried by evaporation under reduced pressure on a water-bath. The remaining material was recrystallized from petrol ether till a constant melting-point product resulted, with m.p. of 61 to 63° C (cetyl alcohol 49*3° C). Titration with standard NaOH gave a mol.wt. of 340 (calculated 342), and alkaline hydrolysis gave rise to a further 0*83 equivalent of acid, a figure regarded as satisfactory in view of the difficulty in titrating long-chain substances. Cold aqueous ethanol was the solvent for these titrations.
All glassware was cleaned in hot chromic acid, followed by phosphoric acid to remove adsorbed chromium ions.
Evaluation of the rate constant Equation (7) shows that for the rate constant k to be found, not only is Coir required, but also the rate of variation of the amount of long-chain ion in the surface. Previous workers (Alexander & Rideal 1937) have found that the surface moment is linearly related to the amount of reactant in the surface in a reaction at constant pressure. In the present work, however, this simple relationship did not hold, owing, no doubt, to a dipole interaction of the type described by Marsden & Schulman (1938) , who found that films containing an ion and a dipole often show large inter-action effects. Figure 1 shows the force-area and potential and surface-moment curves for monocetylsuccinate on n alkali. Figure 2 The method adopted for the measurement of the time variation of log depended on the linearity of the pl<?t of area against composition in the initial part of the reaction, and equation (7) 
where 10 A2 is the area per molecule the alcohol film would exhibit if the linear portion of the curve persisted to 100 % cetyl alcohol. This plot of In {A -10) against time gave satisfactory straight lines. Only the first 15 % or so of the reaction was studied, since during the hydrolysis CR-changes, and w ith.it F' and Cow . The temperature of hydrolysis was in all cases close to 25° C, and any corrections to exactly 25-0° C were made, using the energy of activation of the reaction. The rate constants, k' , calculated on the basis of a bulk concentration of NaOH of 1*044n , an expressed as min.-1 mole-1 litres were found to vary with the temperature and pressure as shown below. The fraction of Nai? in a hypothetical phase of strength 4 * 2 5 n , containing only NaJB and NaOH in the same proportions as those found as a first approximation in the surface phase is 0 * 8 6 9 ,
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The kinetic salt effect in monolayer reactions . and, using this figure, the activity coefficient of NaCl in a mixture of Nai2 and NaOH in the same ratio and at the same total strength as that in the surface can be found, since extension of the Bronsted theory has shown that the plot of b iy ±NaC1 in very low concentrations against the proportion of R' or OH' at constant total ionic strength is linear.
Another linear plot is now constructed in which the figure thus obtained for the activity coefficient of NaCl in the NaOH/Nai? mixture and that of pure 4*25N-NaCl are limiting ordinates, and the abscissa is the fraction of NaCl in the mixture. The final value of the activity coefficient in the surface is read off at the abscissa corre sponding to the fraction of NaCl found as a first approximation, i.e. 0*753/4*25 = 0*177, and y ±NaCi is thus found to be 0*91.
By similar processes, y ±NaoH and 7±Nai? bi the surface are found to be 0*62 and 1*06, and the activity coefficients of the NaOH and NaCl in the presence of each other in the bulk phase are 0*656 and 0*656, the agreement being coincidental.
Equations (9) and (13) It was shown previously (Davies 1948 ) that use of Cow, calculated assuming activity coefficients to be unity, reduced the variation in the hydrolysis constant with concentration of alkali from 300 to 36 %, and table 1 shows that the application of the exact Donnan equations still leaves a variation of this order of magnitude. There is still, however, the effect of the kinetic activity factor F' to take into account. The activity coefficient of the doubly negatively charged intermediate complex is not known, but if a constant value of Jc0 in equation (8) Using the figures in table 1 to evaluate the right-hand member, figure 4 shows a plot of y±Na2R/(Ĵo)i against surface ionic strength. It is remarkable that for the hydrolyses on alkali of strength 0-4 to T3n the activity coefficients and ionic strength in the surface are so close together. The latter effect arises from a slight expansion of the monolayer on the more strongly alkaline substrates. Evidently NaCl and N al affect the activity coefficient in similar ways, with no unusual effects from the large iodide ion, but NaOH in very strong solution behaves differently, and reduces 7±Na2K- Figure 5 shows a plot of pHfi -pHg, subscripts referring to bulk and surface phases, against pHg. Although at lower pHB values the difference may be quite considerable, increase in alkali concentration greatly reduces the effect. 
D iscussion
Of the various methods available for treating the distribution of ions at a charged interface, the Donnan distribution method is the most readily applicable to the present case, when ionization in the monolayer is practically complete. For kinetic equations, concentrations are required rather than chemical potentials, and measure ments of the electrokinetic potential of a monolayer are difficult.
The Donnan equations, however, prove reasonably satisfactory for the present purpose, though there are various inherent sources of error in the assumptions and equations used in the above treatment.
These include those mentioned previously, of a constant value of Gow and F' over the part of the reaction in which measurements are made. This will be true only over very small intervals of time, but in practice only the first few minutes of the reaction were taken into account, so the effect is not serious. A further source of error is that of the electrical neutrality equation implying a great thickness of surface phase so that all the counter ions are taken into account, while a small value is necessary for the concentration of hydrogen ions to be that close to the surface.
An experimental difficulty is that the surface is more concentrated than some of the solutions used by Harned and co-workers in the evaluation of activity coefficients, and in these cases an extrapolation of the available curves is necessary.
The application of the Donnan treatment is not limited to cases of reaction between an ion and another ion in the surface. If, for example, a reactant molecule in the film is near a separate long-chain ion, there will still be a redistribution of ions, affecting the rate of hydrolysis. Such a case was encountered by Alexander & Rideal (1937) in the hydrolysis of the neutral ester of a long-chain acid on alkali. The hydrolysis constant falls off as the reaction proceeds, and these authors showed, by using synthetic mixtures of long-chain acid and ester, that the effect was not due to contamination in the film, nor to the formation of a complex in the surface. They suggested that the cause of the slowing-up lay in the powerful electric field set up in the surface by the negatively charged carboxyl groups from the acid liberated during the hydrolysis. It was this field that reduced the rate of upward diffusion of the hydroxyl ions, slowing up the reaction. They thus assumed that a potential barrier, represented by Ee , was responsible for the slowing-up, so increase during the reaction. For the hydrolysis of ethyl palmitate they found that the initial rate constant of 0-038 min. 
